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8ABSTRACT
Of all school-aged children, the proportion of those in need of special ed-
ucation (SE), is constantly increasing. Since the majority of those whose 
problems are due to neurological or neurodevelopmental disorders do 
not have a specific aetiology, characterization of their development and 
brain structural alterations is relevant.
The aim of this series of studies was both to evaluate (I & II) the contribu-
tion of prenatal and perinatal factors and factors associated with growth 
and development to later need (mainly for neurodevelopmental reasons) 
for full-time SE and to assess joint structural and volumetric brain altera-
tions (III & IV) among subjects with unexplained, familial need for SE.
From the 4500 pupils comprising full-time SE groups in the Uusimaa 
District, Finland, a representative, random sample of 900 children and 
adolescents stratified for municipality sizes and SE levels was collected. 
This sample (mean age 12.7 years, range 7-16) allocated into three levels 
(1-3) of neurodevelopmental problems and 301 children and adolescents 
in mainstream education (ME)  (mean age 12.9 years, range 7-16; level 
0) provided data on family’s socio-economic factors, pregnancy, delivery, 
and well-being of the newborn, as well as child’s birth weight, growth, 
and attainment of developmental milestones, all of which were retro-
spectively analysed (I & II). All children in full-time SE who had at least one 
sibling in full-time SE (i.e. familial need for SE) with unexplained aetiology 
were invited to participate in the imaging study. Altogether 119 subjects 
(mean age 11.9 years, SD 3.9; 73 boys) with a familial need for full-
time SE and unspecified aetiology and 43 age-matched controls (mean 
age 12.0 years, SD 3.1; 26 boys) in age-appropriate ME underwent pro-
spective 1.5T brain magnetic resonance imaging (MRI). Visual analysis of 
structural brain alterations and midsagittal area and diameter measure-
ments were performed (III). Finally, totally automized voxel-based mor-
phometry (VBM) analysis with group-wise comparisons provided detailed 
information on regional grey matter, white matter, and cerebrospinal 
fluid (CSF) volume differences between the SE levels and ME controls (IV).
In multinomial logistic regression analysis, age of father ≥ 40 years, low 
birth weight (< 2500 g or ≤ 2 SD), male sex, and parent’s lower socio-
economic status (SES) all increased the probability of SE placement (I). 
At age 1 year, a one standard deviation score (SDS) decrease in height 
9raised the probability of SE placement by 40%, and in head circumfer-
ence by 28%. At infancy, the attainment of gross motor milestones, es-
pecially head support, differentiated the children at levels 0-3. From age 
18 months, the fine motor milestones and those related to speech and 
social skills became more important (II). Brain MRI did not reveal a specific 
aetiology for any of the subjects in SE. However, they had more often 
than controls ≥ 3 abnormal findings in their MRIs. These abnormalities 
included a thin corpus callosum and enlarged cerebral and cerebellar CSF 
spaces (III). In VBM, after adjustment for age, sex, and global mean voxel 
values, subjects in full-time SE had smaller global white matter, CSF, and 
total brain volumes than controls, yet their global grey matter volumes 
did not differ significantly. Compared with controls, subjects with intel-
lectual disabilities (ID, IQ < 70) in SE level 3 had more regional volume 
alterations. They showed greater grey matter volumes in the rostral and 
dorsal anterior cingulate cortex bilaterally, smaller grey matter volume in 
the left thalamus and the left cerebellar hemisphere, greater white mat-
ter volume in the left frontoparietal region, and smaller white matter vol-
umes bilaterally in the posterior limbs of the internal capsules. Subjects in 
SE levels 1 and 2 showed similar changes in corresponding brain regions, 
but these remained non-significant (IV). 
In conclusion, the epidemiological studies emphasized several factors 
that increased the probability of SE placement at school age. These fac-
tors may be used as a framework for interventional studies. Further, the 
global and regional brain MRI findings provide an interesting basis for 
future investigations on the structure and function of learning-related 
brain structures in young subjects with cognitive impairments or intel-
lectual disabilities of unexplained, familial aetiology.
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INTRODUCTION
The term disorders of cognitive processes (DCPs) is defined as a child hav-
ing problems in one or more specific areas of development. A discrepancy 
exists between a child’s overall capacity and achievements, and thus, DCP 
is not due to global intellectual impairment. Problems may appear at an 
early age, typically involving the motor or speech domains and language 
development. Disabilities may also become evident later on, at school 
age, and include problems in reading, writing, oral language, mathemat-
ics, memory, sensor motor skills, or attention (Korkman 1999). Due to its 
heterogeneity, the prevalence of DCP remains uncertain, but is estimated 
to be 10% (Altarac & Saroha 2007). If the need for special education (SE) 
is used as a proxy for DCP, its prevalence is increasing (Central Statistical 
Office of Finland 2008).
Intellectual disability (ID; synonym to US mental retardation and global 
developmental disability and UK learning disability) is a term that does 
not solely refer to an intelligence quotient lower than 70 but also sup-
poses that an individual’s adaptive abilities in at least two developmental 
domains are diminished. These domains include gross and fine motor, 
speech and language, social skills, and various activities of daily living. 
Like DCP, ID, by definition, appears before the age of 18 years (Interna-
tional Classification of Diseases; ICD-10). Over the past few decades, the 
overall prevalence of ID has remained fairly stable and is estimated to be 
2-3% (Roeleveld et al 1997). 
Although recently the methods for investigating DCP and ID have devel-
oped enormously, the majority of children and adolescents with these 
disabilities due to neurodevelopmental reasons remain without a specific 
aetiological diagnosis. Moreover, over the course of time, the risk factors 
contributing to DCP and ID may change, thus demanding re-evaluation. 
For example, a mother’s higher pre-pregnancy body mass index is a re-
cently discovered risk factor for ID (Heikura et al. 2008). 
Magnetic resonance imaging (MRI) with high resolution is an accurate 
and safe method for investigating neurodevelopmental disabilities. It has 
good spatial resolution capability and the past 20 years have been a pe-
riod of huge advancements in understanding brain alterations related to 
cognitive impairments. With advanced post-image processing methods, 
anatomical alterations related to cognitive impairments may be observed, 
providing more precise information in the search for underlying causes. 
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REVIEW OF THE LITERATURE
1. Brain structure and development
The human brain develops according to a pre-programmed scheme and 
its maturation is elegantly related to the achievement of new skills. Hu-
man brain development is a long process, taking decades before the final 
maturational stage is reached (Whitford et al. 2007). Previously, mainly 
post-mortem studies and, more recently, MRI studies have introduced 
us to brain structure and development. At birth, the brain is highly im-
mature, although it accounts for approximately 13% of the total new-
born body weight (Dekaban 1978). The first decade of life is a time of 
extensive brain growth. Around the age of two years, the brain reaches 
80% of its adult weight and contains twice the number of synapses in 
the adult brain. By the age of six years, the brain has reached 95% of its 
peak volume; girls reach the peak volume at the age of 10.5 years, and 
boys at 14.5 years (Lenroot et al. 2007). After this rapid phase of total 
cerebral volume increase, the maturation of brain continues, involving 
various patterns. Finally, in adults, the brain accounts for approximately 
2% of the total body weight (Dekaban 1978), and contains up to 20 bil-
lion neurons each of which is connected to approximately 7000 synapses 
(Pakkenberg & Gundersen 1997, Pakkenberg et al. 2003).
1.1. Development of grey matter
The maturation of grey matter involves continued synaptogenesis, prun-
ing of excess synapses, and strengthening of appropriate synapses. The 
mean grey matter volume obeys an inverted U-shape curve, with maxi-
mum volume occurring at late childhood or early adolescence, followed 
by volume decline (Jernigan et al. 1991b, Pfefferbaum et al. 1994, Giedd 
et al. 1999, Sowell et al. 1999, Gogtay et al. 2004, Shaw et al. 2006, 
Lenroot et al. 2007).
Various maturational patterns exist for different lobes. Cortical grey mat-
ter development appears to be nonlinear, adhering to the functional 
maturation of the brain in such a way that the primary sensormotor cor-
tices together with the frontal, occipital, and temporal poles mature first, 
followed by the parietal and frontal cortices, with the temporal lobes of 
higher-order association cortices maturing last (Giedd et al. 1999, Gog-
tay et al. 2004, Shaw et al. 2006, Lenroot et al. 2007). There are gender 
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differences in grey matter development, with peak volumes in girls oc-
curring approximately one year earlier than in boys for parietal (7.5 years 
for girls, 9 years for boys), frontal (9.5 years for girls, 10.5 years for boys), 
and temporal (10 years for girls, 11 years for boys) cortices (Lenroot et 
al. 2007). Furthermore, in a longitudinal study of brain development be-
tween the ages of 6 and 18 years, subjects with superior intelligence 
(intelligence quotient; IQ, range between 121 and 149) showed different 
cortical maturation from subjects with average (IQ range 83-108) or high 
(IQ range 109-120) intelligence (Shaw et al. 2006). Subjects with superior 
intelligence showed an extended phase of increasing grey matter until 11 
years of age, followed by an extensive thinning phase, resulting in the 
lowest cortical thickness, whereas subjects with high and average intel-
ligence showed either mild or no cortical thickening by the age of nine 
years, followed by a thinning phase. Moreover, for subjects with superior 
intelligence, these thickening phases existed regionally in the frontal cor-
tex. Although subjects with superior intelligence in that study showed 
more extensive thinning of the cortex than those with lower intelligence, 
the total grey matter volume has been reported to correlate positively 
with IQ, as has the total brain volume (Thompson et al. 2001, Posthuma 
et al. 2002, Wilke et al. 2003). The importance, thus, seems to lie in the 
dynamic change of the cortex, not necessarily in its regional thickness 
itself. Twin studies report the global and regional grey and white matter 
volume development to be strongly genetically determined (Thompson et 
al. 2001, Posthuma et al. 2002,  Giedd et al. 2007). 
1.2. Development of white matter 
While grey matter development is a complex and dynamic process, white 
matter development was suggested to follow a more linear pattern 
(Giedd et al. 1999, Barnea-Goraly et al. 2005). However, several studies 
have provided data indicating that white matter also seems to mature 
in a non-linear manner (Paus et al. 1999, Huang et al. 2006, Lebel et 
al. 2008). These studies have shown that limbic tracts serving functions 
required early in life, such as the fornix, which is essential for memory 
and emotions, mature until the age of 5 years. Thereafter, the corpus 
callosum (CC), a major white matter tract connecting the cerebral hemi-
spheres, and the occipito-temporal tracts mature before puberty. Most 
association (i.e. cortico-cortical tracts) tracts mature in adolescence and 
early adulthood, and finally, the projection tracts (extending from cortical 
areas to other parts of the cerebrum, cerebellum, and spine) in the twen-
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ties. These reported ages are milestones of the 90% maturational stage 
calculated by diffusion tensor imaging methods, and, in fact, the devel-
opment and growth of white matter extend well beyond adolescence. 
Although the total brain volume remains fairly stable between 5 and 30 
years of age, during this period, the global grey matter volume shows a 
linear decrease, whereas the global white matter shows a linear increase 
(Lebel et al. 2008).   
1.3. Volume of cerebrospinal fluid
In the normal brain maturation process, the amount of cerebrospinal 
fluid (CSF) remains quite stable or increases slightly until early adulthood, 
after which it starts to gradually increase (Pfefferbaum et al. 1994, Sow-
ell et al. 2001, Lenroot et al. 2007). The CSF volume is highly connected 
to the volume of grey and white matter, and its volume changes reflect 
changes in the adjacent grey and white matter volumes.
1.4. Role of plasticity in learning
After birth, all development of human babies is based on learning new 
skills, first in active interdependence with caretakers and later with the 
environment in a wider sense. Learning and memory are tightly associat-
ed with each other (Buonomano & Merzenich 1998, Paulsen & Sejnowski 
2000, Martin & Morris 2002, Johnston 2003, Johnston et al. 2003). The 
ability to learn requires both short- and long-time memory, allowing new 
information to become reusable, and learning is the basic element of 
memory. On a cellular level, learning is based on synaptic plasticity. The 
English word ”plasticity” is derived from the Greek word ”plaistikos”, 
which means “to form”. 
“When an axon of cell A is near enough to excite cell B and repeatedly 
or persistently takes part in firing it, some growth process or metabolic 
change takes place in one or both cells such that A’s efficiency, as one of 
the cells firing B, is increased” (Hebb 1949).
As early as in 1949, Donald Hebb presented his theory of synaptic plastic-
ity, which was later coined as Hebbian law. Today, after 60 years of inten-
sive research, this basic theory is widely acknowledged and supported, 
and detailed data on cellular mechanisms are available (Buonomano & 
Merzenich 1998, Penn & Shatz 1999, Paulsen & Sejnowski 2000, Martin 
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& Morris 2002, Johnston 2003, Johnston et al. 2003). Thus, human ca-
pability to learn is dependent on the ability of the synapses to change in 
response to repeating impulses (activity-dependent plasticity). Children 
have an enhanced capacity for plasticity due to the ongoing extensive 
maturation of their brains (Crair & Malenka 1995), but detectable region-
al changes in brain morphometry may also occur in adults after intensive 
training (Draganski et al. 2004, Bengtsson et al. 2005). When mecha-
nisms of synaptic plasticity are disrupted, several neurological disorders 
with cognitive deficits may evolve. These include defects in the signalling 
cascades (e.g. Fragile X syndrome, Neurofibromatosis-1, and ID caused 
by mutations leading to abnormal Rho signalling) or in transcription of 
proteins (e.g. Rett syndrome, Coffrin-Lawry syndrome, and Rubinstein-
Taubi syndrome) (Ramakers 2002, Johnston 2003).
2. Disorders of cognitive processes (DCPs)
2.1. Terminology and definition of DCPs
The terminology of disorders and disabilities related to learning is not 
uniform, and differences in prevalent usage in British and American Eng-
lish are particularly large. In this thesis, the term “disorders of cognitive 
processes” (DCPs) is used to refer to cognitive impairments other than 
global ID (i.e. IQ < 70).
In Europe, the definition of cognitive processes mainly follows the defini-
tion of Luria applied by Korkman (1999), including six components: at-
tention, executive functions, language, sensormotor functions, visuospa-
tial functions, and memory and learning, all of which are composed of 
four to five subcomponents. In this thesis, DCP refers to disturbances in 
one or more of these components. 
In the US., the definition of DCP differs from the European one and is 
narrower: “a heterogeneous group of disorders manifested by signifi-
cant difficulties in the acquisition and use of listening, speaking, reading, 
writing, reasoning, or mathematical abilities. These disorders are intrin-
sic to the individual and presumed to be due to central nervous system 
dysfunction. Even though a learning disability may occur concomitantly 
with other handicapping conditions (e.g. sensory impairment, mental re-
tardation, social and emotional disturbance) or environmental influences 
(e.g. cultural differences, insufficient/inappropriate instruction, psycho-
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genic factors) it is not the direct result of those conditions or influences” 
(National Joint Committee on Learning Disabilities 1991). This definition 
supposes that a discrepancy exists between the capacity to learn and the 
ability expressed as levels of achievement. Difficulties may involve areas 
of language (receptive and/or expressive), reading (basic reading and/or 
reading comprehension), writing, and mathematics (calculation and/or 
mathematical reasoning) (Lyon 1996).  
DCP can be isolated, yet it quite often appears in conjunction with prob-
lems in more than one developmental domain. In a population-based 
study of 4-year-old children, 29% of the total population had a devel-
opmental problem, and of those, approximately half had an isolated 
problem, whereas the other half had problems in at least two domains 
of attention-behaviour, motor-perceptual, or language (Valtonen et al. 
2004). Attention deficit/hyperactivity disorder (ADHD) is the most com-
mon neurodevelopmental diagnosis among children, and over 80% of 
children with ADHD have at least one comorbid diagnosis (Faraone et 
al. 1998, Kadesjo & Gillberg 2001). Further, of the 7-year-old boys with 
developmental coordination disorder, approximately half had additional 
symptoms of ADHD (Kadesjo & Gillberg 1999), and of individuals with 
Tourette’s disorder, approximately two-thirds had an additional comorbid-
ity of attention deficits or empathy/autism spectrum problems (Kadesjo 
& Gillberg 2000). Reading disability (dyslexia) is common among school-
aged children, and approximately 60% of affected children have an ad-
ditional developmental problem (Willcutt & Pennington 2000a, Willcutt 
& Pennington 2000b). Moreover, of 2-year-old children with language 
delay, 22% had an additional neurodevelopmental delay (Buschmann et 
al. 2008). An isolated DCP is more often mild, whereas moderate to se-
vere disorders usually exist concurrently (Msall et al. 2003, Valtonen et al. 
2004, Miniscalco et al. 2006). 
2.2. Prevalence of the components of DCPs 
The overall lifetime prevalence of DCP is estimated to be around 10% 
(Altarac & Saroha 2007). The prevalence rates for components of DCP 
include a worldwide estimate of 5.3% for ADHD in subjects less than 
18 years old (Polanczyk et al. 2007), approximately 1% for specific lan-
guage impairment (SLI), and 2.5% for a combination of SLI and delayed 
speech development (Hannus et al. 2008). Among pupils attending 
mainstream education (ME), the prevalence of dyslexia was 9% (van Bon 
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et al. 2006). Of Dutch school-aged children, 7.6% had combined reading 
and arithmetic problems (Dirks et al. 2008) and 12.7% of French school-
children had dyslexia, although parental socio-economic status (SES) had 
a marked influence on this (range 3.3% for high SES and 24.2% for low 
SES) (Fluss et al. 2008). A longitudinal study of 9-, and 24-month-old 
children showed that at the age of 9 months, 2.5% of the cohort had 
delayed motor development when assessed as delay of at least 2 SD 
(Rosenberg et al. 2008). At the age of 24 months, the corresponding 
prevalence rate was 3.9%.  
2.3. Aetiological factors associated with DCPs
The great majority of disorders underlying the heterogeneous group of 
DCPs have a multifactorial background, and thus, an open aetiology. For 
a few disorders, some predisposing genetic findings have been made in 
recent years. These include ADHD (Romanos et al. 2008), the inattention 
trajectory (Luca et al. 2007), dyslexia (Nopola-Hemmi et al. 2000, Harold 
et al. 2006), and SLI (Kwasnicka-Crawford et al. 2005).
3. Intellectual disability (ID)
3.1. Terminology and definition of ID
In this thesis, the term “intellectual disability” (ID) is used to refer to 
global intellectual deficiency with IQ < 70 (synonym to US mental re-
tardation and UK learning disability). In ID, both cognitive functioning 
and adaptive behaviour are significantly limited. For mild IDs, the general 
intelligence quotient (IQ) ranges between 50 and 70, for moderate ID, 
the general IQ ranges between 35 and 49, and for severe ID, the IQ is 
< 35 (International Classification of Diseases; ICD-10). ID is classified as 
profound when IQ is < 20. In this thesis, unless otherwise mentioned, 
moderate and profound ID are discussed together with severe ID, which 
is a current trend. The adaptive behaviour comprises conceptual, social, 
and practical skills in which the affected individual’s abilities are weaker 
than in the normative population (ICD-10). In severe ID, the individual 
is almost totally dependent on external assistance, and in profound ID 
completely dependent.
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3.2. Prevalence and incidence of ID
Table 1 shows the prevalence of mild and severe ID according to previ-
ous studies. The prevalence of mild ID has a wide variation, ranging from 
0.4% (Stromme & Magnus 2000) to 2.6% (Roeleveld et al. 1997). A 
Swedish population-based study reported a 3% prevalence of ID among 
4th graders. The municipality had a slightly lower parental SES than the 
mean SES for the entire country of Sweden, although an explanation 
for this high number may lie in methodological issues; all subjects were 
interviewed and investigated personally, instead of using record linkage. 
A Northern Finnish cohort study (Heikura et al. 2003) reported that both 
the total incidence (12.62/1000) and prevalence (11.23/1000) of ID re-
mained stable during the 20-year follow-up period of two birth cohorts 
born in 1966 and in 1985-1986. There was, however, an internal change 
of ID subgroup figures. Mild ID showed a significant increase in both the 
incidence (from 0.50% to 0.75%) and the prevalence (from 0.50% to 
0.75%), superseding the proportion of more severe forms of ID. For se-
vere ID, a significant decrease existed in both the incidence (from 2.34‰ 
to 1.06‰) and the prevalence (from 2.05‰ to 0.75‰), as did for moder-
ate IDs (incidence decreased from 3.84‰ to 2.54‰ and prevalence from 
2.56‰ to 1.71‰). However, neither the incidence nor the prevalence of 
profound IDs changed significantly. In this cohort study, no significant 
gender differences existed, although males were slightly overrepresented 
in mild and moderate ID subgroups and females in severe and profound 
ID subgroups. Interestingly, between 1976 and 1984 in birth cohorts of 
three geographical areas in France, the prevalence of Down syndrome 
remained stable, although the prevalence of other severe IDs decreased 
significantly from 2.37/1000 to 1.92/1000 (Rumeau-Rouquette et al. 
1997).
18
Ta
b
le
 1
. P
re
va
le
nc
e 
of
 in
te
lle
ct
ua
l d
is
ab
ili
ty
.
Pu
b
lic
at
io
n
C
o
u
n
tr
y
N
 f
o
r 
ID
To
ta
l p
o
p
u
la
ti
o
n
A
g
e 
ra
n
g
e 
(y
ea
rs
)
To
ta
l (
IQ
 ≤
 7
0)
M
ild
 (
IQ
 5
0 
to
 7
0)
Se
ve
re
 (
IQ
 <
 5
0)
M
ur
ph
y 
et
 a
l. 
19
95
U
SA
10
74
89
,5
34
10
8.
4 
(7
.8
-9
.0
)
3.
6 
(3
.2
-4
.0
)
Fe
rn
el
l 1
99
6
Sw
ed
en
82
36
97
9-
15
12
.8
 (C
I n
ot
 r
ep
or
te
d)
Ro
el
ev
el
d 
et
 a
l. 
19
97
 
Re
vi
ew
 a
rt
ic
le
26
 (C
I n
ot
 r
ep
or
te
d)
ra
ng
e 
2.
6-
7.
3
Ru
m
ea
u-
Ro
uq
ue
tt
e 
et
 a
l. 
19
97
Fr
an
ce
11
61
32
5,
34
7
8-
17
3.
56
 (C
I n
ot
 r
ep
or
te
d)
St
rö
m
m
e 
et
 H
ag
be
rg
 2
00
0
N
or
w
ay
18
5
30
,0
37
8-
13
3.
5 
(2
.8
-4
.2
)
2.
7 
(2
.1
-3
.3
)
Le
on
ar
d 
et
 a
l. 
20
03
A
us
tr
al
ia
34
26
24
0,
35
8
6-
15
14
.3
 (1
3.
8-
14
.7
)
H
ei
ku
ra
 e
t 
al
. 2
00
3
Fi
nl
an
d
11
9
94
32
0-
11
.5
7.
53
 (C
I n
ot
 r
ep
or
te
d)
5.
08
 (C
I n
ot
 r
ep
or
te
d)
Ek
 e
t 
al
. 2
00
4
Sw
ed
en
18
59
1
4t
h 
gr
ad
er
s
30
.5
 (C
I n
ot
 r
ep
or
te
d)
G
us
ta
vs
on
 2
00
5
Pa
ki
st
an
54
14
76
1-
12
62
 (4
3-
80
)
11
 (5
-1
6)
W
es
te
rin
en
 e
t 
al
. 2
00
7
Fi
nl
an
d
53
46
1,
00
0,
68
3
0-
15
5.
3 
(5
.2
-5
.5
)
C
I, 
co
nfi
de
nc
e 
in
te
rv
al
; I
Q
, i
nt
el
lig
en
ce
 q
uo
tie
nt
; I
D
, i
nt
el
le
ct
ua
l d
is
ab
ili
ty
Pr
ev
al
en
ce
 o
f 
in
te
lle
ct
u
al
 d
is
ab
ili
ty
 /
 1
00
0 
(9
5%
 C
I)
Ta
b
le
 1
. P
re
va
le
nc
e 
of
 in
te
lle
ct
ua
l d
is
ab
ili
ty
.
19
3.3. Aetiological factors related to ID
The aetiological causes underlying ID are numerous, including chromo-
somal abnormalities (e.g. Down syndrome), single gene disorders (e.g. 
autosomal dominant, autosomal recessive, and X-linked recessive), 
micro-deletions (e.g. Wolf-Hirschorn syndrome), specific genetic meta-
bolic disorders (e.g. aminoaciduria and acidemia, peroxisomal disorders, 
lysosomal defects, and mitochondrion diseases), congenital infections 
(e.g. cytomegalovirus), and a number of environmental factors (e.g. 
foetal exposure to alcohol, premature birth, and birth trauma). Table 2 
presents the distribution of causes underlying ID. Of severe ID, the ma-
jority appears to have a prenatal cause, whereas most mild ID remains 
unexplained (Matilainen et al. 1995, Cans et al. 1999, Stromme 2000, 
Gustavson 2005). Although a large part of ID is due to polygenic and 
multifactorial aetiologies (Engels et al. 2007), the new molecular genetic 
techniques may reveal novel aetiologies. Flint et al. (1995), for instance, 
estimated that 6% of subjects with unexplained ID have subtelomeric 
rearrangements.
M (n = 74) S (n = 99 ) G (n = 40) M (n = 77) C (n = 1150) S (n = 79) G (n = 14)
Grouped aetiologies for ID n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Prenatal 16 (22) 50 (51) 9 (22) 46 (60) 349 (30) 55 (70) 11 (79)
     Genetic 8 (11) 25 (25) NA 34 (44) 328 (28) 38 (48) 9 (64)
          Chromosomal 3 (4) 4 (4) NA 23 (30) 211 (18) 17 (22) 6 (43)
          Other genetic 5 (7) 31 (31) NA 11 (14) 117 (10) 21 (27) 3 (21)
     Acquired 1 (1) 5 (5) NA 2 (3) 21 (2) 3 (4) 2 (14)
     Unknown 7 (9) 20 (20) NA 10 (13) 0 (0) 14 (18) 0 (0)
Paranatal 1 (1) 5 (5) NA 7 (9) 178 (15) 3 (4) 2 (14)
Postnatal 2 (3) 1 (1) 11 (28) 6 (8) 56 (5) 4 (5) 0 (0)
Unexplained 55 (74) 43 (43) 21 (50) 18 (23) 567 (49) 17 (22) 1 (7)
M, Matilainen et al. 1995
C, Cans et al. 1999
S, Strömme & Hagberg 2000
G, Gustavson 2005
IQ, intelligence quotient; NA, not available
Table 2. Grouping principles of aetiology of mild and severe intellectual disability (ID).
Mild ID (IQ 50-70) Severe ID (IQ < 50)
Ta l  . r uping principles of aetiology of mild and s ver  intellectu l disability (ID).
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4. Risk factors associated with DCPs and ID
Numerous epidemiological cross-sectional, case-control, cohort, and link-
age studies have reported contributions of several bio-pathological and 
environmental factors to a child’s risk of evolving ID or DCPs. Although 
plenty of risk factors exist, new ones may still be characterized. Here, the 
most relevant ones are presented. 
The general sociodemographic risk factors include lower maternal IQ, 
parents’ lower socio-economic status (SES), higher parental age at birth, 
and teenage pregnancy (Auroux et al. 1989, Goldberg et al. 1992, Dec-
oufle & Boyle 1995, Drews et al. 1995, Hollomon et al. 1998, Camp et 
al. 1998, Stromme & Magnus 2000, Adab et al. 2004, Chapman et al. 
2008). Moreover, higher numbers of children in the family, higher birth 
order, and cognitive impairment of siblings have been reported to be 
associated with an increased probability of DCPs and ID (Bundey et al. 
1989, Drews et al. 1995, Croen et al. 2001).  
Of the prenatal risk factors, mother’s medical conditions such as asth-
ma, diabetes, renal or urinary disease, and epilepsy (Camp et al. 1998, 
Leonard et al. 2006), mother’s higher pre-pregnancy body mass index 
(Heikura et al. 2008), maternal viral infections such as cytomegalo or 
rubella (Hanshaw 1994, Poplawski 2003), and mother’s alcohol abuse 
during pregnancy (Autti-Ramo 2000) elevate the risk of cognitive deficits 
and ID. Furthermore, multiple pregnancy, intrauterine growth restriction, 
prematurity (including so-called late prematurity with gestational age, 
GA; 34-36 weeks), and low birth weight (BW; especially BW < 1000 g) all 
increase the probability of DCPs and ID (Kappelman et al. 1972, Rantaka-
llio & von Wendt 1985, Camp et al. 1998, Avchen et al. 2001, Croen et 
al. 2001, Doyle et al. 2001, Richards et al. 2001, Hollo et al. 2002, Jefferis 
et al. 2002, Anderson et al. 2003, Bardin et al. 2004, Chyi et al. 2008, 
Leonard et al. 2008). Another important risk factor for DCPs is male sex 
(Goldberg et al. 1992, Resnick et al. 1998, Gissler et al. 1999, Johnson 
& Breslau 2000). 
Newborns with various medical problems have an elevated probability 
of DCPs and ID (Resnick et al. 1998). While macrocephaly is more com-
monly related to pervasive developmental problems (i.e. autism spectrum 
disorders) (Gillberg & de Souza 2002, Mraz et al. 2007), microcephaly is 
often associated with DCPs and, especially, ID (Dolk 1991, Skuse et al. 
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1994, Bardin et al. 2004). Although as many as every third child who is 
later diagnosed as having ID may develop fairly normally during the first 
year of life (von Wendt et al. 1984), by preschool age the developmental 
delay is more evident and has prognostic value for persistent disabilities 
(Shevell et al. 2005). Similarly, at preschool age, a delay in language de-
velopment may have prognostic value for future disabilities (Shevell et 
al. 2005). However, the majority of DCPs classified as minor at preschool 
age have no future prognostic value (Corrigan et al. 1996).
5. Special education (SE)
The supply of SE in Finland is extensive (Central Statistical Office of Fin-
land 2008). Specialized groups and syllabuses are carefully designed for 
various demands. Multidisciplinary evaluation of a child’s strengths and 
weaknesses precedes transfer to SE. This may include investigations by 
a speech therapist, occupational therapist, physiotherapist, psychologist, 
and a child neurologist as appropriate. A child is either transferred to full-
time SE or attends part-time SE along with a ME syllabus. The part-time 
and full-time SE groups are partly overlapping since some of the pupils 
in full-time SE may also attend part-time SE. A distinct trend to integrate 
pupils with SE needs into ME is evident, e.g. in 2003, 60% of these pupils 
attended special classes or special schools, whilst in 2006, the share had 
diminished to 51%. 
5.1. Full-time SE
Since 2001, full-time SE has been divided into nine subgroups according 
to a child’s need. These include severe delay in development, mild delay 
in development, DCPs, emotional disability or social non-conformity, au-
tism spectrum disorder, SLI, visual disability, hearing disability, and a mis-
cellaneous group. The principles of the Finnish SE grouping agree with 
those of other European Union countries (Avchen et al. 2001, Msall et al. 
2003, www.european-agency.org 2003). Before 2001, children with au-
tism spectrum disorders participated mainly in the subgroups for severe 
or mild delay or DCPs depending on the child’s cognitive level, and those 
with SLIs were part of the DCP subgroup. 
In Finland, the number of pupils in SE has increased constantly. In 1995, 
2.9% of the school-aged population was transferred to full-time SE, 
whilst in 2007 the figure rose to 8.1% (Central Statistical Office of Fin-
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land 2008). In absolute numbers, 46 085 pupils of the whole school-aged 
population of 570 689 pupils attended full-time SE in fall 2007. The Finn-
ish prevalence numbers for SE correspond with other countries of the Eu-
ropean Union, although the registration methods may vary greatly (www.
european-agency.org 2003). Gender distribution among the whole Finn-
ish school-aged population is quite even; 51% boys and 49% girls. How-
ever, among the pupils in full-time SE, the gender distribution is highly 
uneven, 68% being boys. Of all school-aged boys, 10.7% need full-time 
SE, while the corresponding figure for girls is 5.3%. Furthermore, boys 
are over-represented in each SE subgroup, and in subgroups for pupils 
with either DCPs or extensive motor problems, emotional disability or 
social non-conformity, and autism spectrum disorder, the proportion of 
boys is at least 70%. Of these, the highest figure (84%) is for the sub-
group of pupils with emotional disabilities or social non-conformity. Be-
tween 2003 and 2006, the increase in need for full-time SE was 1% for 
girls and 2% for boys. 
5.2. Part-time SE
In addition to full-time SE, comparable data on part-time SE have been 
available since 2001 (Central Statistical Office of Finland 2008). The need 
for part-time SE has increased until 2006, when 22.2% (n = 128 641) 
of the school-aged population attended part-time SE. The subgroups 
for part-time SE include problems in oral language, reading and/or writ-
ing, mathematics, foreign languages, emotions or adjusting, and other 
problems. The three most common are problems in reading and/or writ-
ing (43%), mathematics (21%), and oral language (15%). The need for 
part-time SE is greatest during grades 1 to 6 (25.9%), diminishing in the 
upper levels of comprehensive school to 15.7%. At the lower levels (1 to 
6), over half of the need consists of problems in reading and/or writing, 
whereas at the upper levels (7 to 9), problems in mathematics and for-
eign languages prevail. The gender distribution in part-time SE is similar 
to that of full-time SE, with 61% of the pupils being boys. Boys form the 
great majority (range 60-77%) in each subgroup, except for mathemat-
ics, where 54% of the pupils are girls.
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6. Magnetic resonance imaging (MRI)
For the paediatric population, MRI offers a non-invasive, safe, and, in 
cases when sedation is not needed, painless method for investigation 
of brain structures. MRI is based on energy release of hydrogen protons 
after they are synchronized by a radiofrequency (RF) pulse in an external 
magnetic field (Bushberg et al. 2002). First, a longitudinal magnetization 
field is formed when each of the protons spinning around their axis is ar-
rayed either parallel or opposite to the external magnetic field. Second, 
a RF pulse is applied, inducing all protons with the same frequency to 
spin in resonance, thus creating the disappearance of the longitudinal 
magnetization field and simultaneously the formation of the transverse 
magnetization field. When the RF pulse is turned off, the protons re-
turn to their original energy level, releasing the absorbed energy. The 
transverse magnetization field disappears quickly, while reversion of the 
longitudinal magnetization is a slower process. The T1-relaxation time 
refers to a time-point where 63% of the longitudinal magnetization is 
recovered, whereas T2-relaxation time refers to a time-point where 37% 
of the transverse magnetization has disappeared. Various tissue-specific 
characteristics have an impact on both T1 and T2 values, enabling effec-
tive tissue characterization (Bushberg et al. 2002). 
In MRI, various sequences may be produced, all of which have unique ad-
vantages for interpretation of images (Barkovich 2000). Due to sequence 
differences, the areas and timetables of brain maturation in T1- and T2-
weighted images are unique. T1-weighted images are best exploited 
when evaluating early myelination before the age of 6 months, and T2-
weighed images thereafter. T1-weighted three-dimensional images are 
preferred in the analysis of sulcal and gyral formation. The T2-weighted 
fluid attenuated inversion recovery (FLAIR) sequences, which nullify the 
CSF, have a high sensitivity for subtle white matter and cortical lesions. 
The T2*-weighted sequences using gradient echo instead of spin echo 
best show areas of haemorrhage and vascular malformations. MRI is a 
rapidly developing technique and some of its new applications, such as 
susceptibility-weighted imaging (Tong et al. 2008), diffusion-weighted 
imaging, diffusion tensor imaging, spectroscopy, and functional MRI 
(fMRI), are already in use in diagnostic work and in some research work. 
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6.1. Conventional MRI of DCPs and ID with unex-
plained aetiology
Clinical practice guidelines include brain MRI for children with ID when 
aetiology after clinical examinations and laboratory tests remains un-
known. The diagnostic value of MRI in such cases is not high, with less 
than 10% receiving an aetiological diagnosis (Decobert et al. 2005). The 
rate of unspecific abnormal findings discovered in MRI ranges between 
53% and 94% (Soto-Ares et al. 2003, Decobert et al. 2005, Spencer 
et al. 2006, Widjaja et al. 2008). For children with delay in at least two 
developmental domains, the current practice is to consider brain MRI in 
case of additional abnormalities in head circumference or in the presence 
of seizures or abnormal findings in neurological examination (McDonald 
et al. 2006). The MRI is also warranted if an unexpected change occurs 
in development. For children with DCPs, the diagnostic protocol does not 
include brain MRI. In clinical practice, however, similar guidelines are ap-
plied as those for children with more global developmental delay. 
In isolated ID or global developmental delay, abnormalities in MRI may be 
categorized into three groups: 1) cerebral injury including periventricular 
leucomalasia, post-haemorrhagic changes, ventriculomegaly, enlarged 
extracerebral fluid spaces, and congenital infection; 2) cerebral malfor-
mations including holoprocencephaly, corpus callosum agenesia, septo-
optic dysplasia, and abnormalities of migration and white matter devel-
opment; and 3) so-called subtle markers of cerebral dysgenesis including 
persistent cavum septum pellucidum, corpus callosum hypoplasia, and 
mega cisterna magna (Schaefer & Bodensteiner 1998). 
Overall, brain MRI studies on children and adolescents with IDs of un-
explained aetiology are rare. These studies report that subjects with IDs 
more often than controls show ventricular enlargements, subtle corpus 
callosum abnormalities, cerebral cortical anomalies, white matter signal 
intensity (SI) abnormalities, and mild cerebellar fissure enlargements (So-
to-Ares et al. 2003, Decobert et al. 2005, Spencer et al. 2006, Widjaja 
et al. 2008). Numerous reports exist of young subjects with ADHD, and 
although results are highly controversial, many of them describe smaller 
total brain volume and differences in volumes of the right frontal lobe, 
caudate nucleus, and cerebellum relative to controls (Castellanos et al. 
1996, Mostofsky et al. 2002, Hill et al. 2003, Sowell et al. 2003, Garrett 
et al. 2008). MRI findings of children with speech and language impair-
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ment vary greatly. They may show normal MRI (Jernigan et al. 1991a), 
have occasional, unexpected abnormalities (Webster et al. 2008), or 
show more diffuse abnormalities such as ventricular enlargement, central 
volume loss, and white matter abnormalities (Trauner et al. 2000). 
6.2. Volumetric analysis of magnetic resonance images 
Voxel-based morphometry (VBM) is a fully automatic post-imaging meth-
od that assesses alterations throughout the brain by analysing regional 
volume differences (Ashburner, Friston 2000). Adjustment of global brain 
volumes enables group-wise comparisons of local volumes. For children 
and adolescents with cognitive deficits, the number of reports applying 
VBM are on the rise, while for young subjects with ID of unexplained 
aetiology, reports are scarce. Adolescents with ID of unexplained aetiol-
ogy have shown smaller global white matter and total brain volumes 
than controls, in addition to decreased grey matter volume in the right 
cerebellar hemisphere and left temporo-parietal cortex, and decreased 
white matter volume in the posterior corpus callosum (Spencer et al. 
2006). Subjects with ADHD have, for example, showed decreased grey 
matter volume in the frontal and temporal cortices (Sowell et al. 2003), 
the right superior frontal gyrus and posterior cingulate gyrus, and bi-
laterally in the basal ganglia (Overmeyer et al. 2001), decreased grey 
matter volume in several sites of the frontal lobe (Carmona et al. 2005), 
decreased grey matter in the left medial temporal lobe along with higher 
grey matter volume in the left inferior parietal cortex (Brieber et al. 2007), 
and grey matter decreases predominantly on the right frontal-pallidal-
parietal network (McAlonan et al. 2007). Children with developmental 
dyscalculia showed many grey and white matter reductions in the fron-
tal and parietal cortices (Rotzer et al. 2008), and children with devel-
opmental language disorder had decreased white matter volume in the 
left fronto-temporal network (Jancke et al. 2007). Children with dyslexia 
were reported to have differences in the white matter volume of the left 
temporal-parietal region and in the grey matter volume of the left and 
right lingual gyri, left inferior parietal lobule, and the cerebellum (Eckert 
et al. 2005).
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AIMS OF THE STUDY
Epidemiological studies are important in characterizing risk factors asso-
ciated with cognitive impairments and in identifying children who might 
benefit from early support. With advanced imaging techniques, the rela-
tion between clinical disabilities and brain structural alterations may be 
elucidated. 
Specific aims were as follows:
1. To evaluate factors present at birth (e.g. birth weight, parental age, 
and socio-economic status) and during growth and development and 
their contribution to the need for full-time SE at school age (I & II). 
2. To evaluate the diagnostic value of conventional MRI in subjects 
who attend full-time SE and have unexplained, familial aetiology (III). 
3. To characterize both global and local brain structural alterations in 
subjects with unexplained, familial need for full-time SE and to ex-
amine the correlation between these alterations and SE level (III & IV).
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PATIENTS AND METHODS 
1. Patients
In 1997-2002, we conducted this population-based study (I & II) in the 
geographical area of the former county of Uusimaa, located in southern 
Finland. During the 1997-1998 school year, we gathered data on children 
and adolescents who after psychological examination had been trans-
ferred to full-time SE groups. The inclusion criterion was that a child’s 
main problem be neurodevelopmental. Of the 4500 children in full-time 
SE groups, a representative sample of 900 children (20%) was collected. 
The study groups were of three levels. In level 1 (n = 211), children had 
a specific DCP, such as problems in speech and language, attention, visu-
ospatial, or sensormotor development, of a severity requiring full-time 
SE. These children mainly followed the ME syllabus in small-sized groups 
of approximately ten pupils. In level 2 (n = 416), children had mainly bor-
derline to mild ID and followed the adjusted education syllabus. In level 3 
(n = 273), children had mild to severe ID and trained for everyday activi-
ties according to their individual abilities. We excluded SE groups meant 
for children whose main problems were of psychiatric origin. The mean 
age for children in SE groups was 12.7 years (range 7-16 years). During 
spring semester 2002, the control group was collected; this consisted of 
children and adolescents (n = 301) attending ME without learning-relat-
ed problems. Their mean age was 12.9 years (range 7-16 years). Table 3 
presents the characteristics of the study population.  
From the school-aged population attending full-time SE, all subjects dis-
covered to have familial need for SE (i.e. two or more children in the 
same family attending or formerly attending full-time SE) and unex-
plained aetiology after medical investigations were offered brain MRI (III 
& IV). From the 56 families willing to participate, 119 children (mean age 
11.9 years, SD 3.9; 73 boys) met the criteria (attended one of the pre-
defined full-time SE groups and had at least one sibling also currently or 
previously attending a full-time SE group, aetiology unexplained in both) 
and were included in the study. The control group (level 0) consisted of 
43 children (mean age 12.0 years, SD 3.1; range 6.1-18.6; 26 boys) in ME 
recruited for imaging purposes only. All controls and their parents were 
carefully interviewed to elicit all possible learning-related problems. Table 
4 presents the age and gender distribution of study subjects and controls. 
From medical records, the total cognitive levels were obtained for the 
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majority of subjects in full-time SE. Missing information included only 
SE level 2 (n = 13; 32.5%). In level 1 (n = 49; mean age 10.9 years, SD 
3.9; range 5.9-17.3), the total cognitive level of 37 subjects (75.5%) was 
age-appropriate with abilities below age level in specific areas, whereas 
12 subjects (24.5%) had borderline total cognitive level. In level 2 (n = 
40; mean age 12.2 years, SD 2.9; range 5.3-17.7), 3 subjects (7.5%) had 
age-appropriate cognition, 22 (55%) had borderline cognition, and 2 
(5%) had mild ID. In level 3 (n = 30; mean age 12.1 years, SD 5.7; range 
5.4-29.5), all subjects had ID (n = 7, 23.3% for mild ID; n = 6, 20% for 
severe ID; and n = 17, 56.7% for subjects with unspecified ID). The par-
ents gave their written informed consent, and the local ethics committee 
approved the study protocol.
2. Methods
2.1. Epidemiological studies
The retrospective data collection was performed in random order in pre-
defined strata for both SE categories (see Table 3) and sizes of munici-
palities. The initial contact by telephone was made to school health care 
units according to a random selection list. If participation was declined, 
the next unit on the list was contacted. After positive assent to partici-
pate, the researchers (LÅ & MH) travelled to schools and personally col-
lected data on study children. This data consisted of all health care infor-
mation available at the school, family data (parental age and occupation, 
number of siblings and their possible problems), pregnancy and deliv-
ery data, birth measurements, vaccines, growth measurements, possible 
illnesses, surgeries, and allergies. For controls, data were gathered by 
school nurses in random order, after which they were sent to researchers 
in an anonymous form (i.e. with the names and social security numbers 
of the children, their siblings, and their parents omitted). 
Table 4. Age and gender distribution (III) of subjects in special 
education (levels 1-3) and controls (level 0).
Level Mean age (SD) Girls, n (%) Boys, n (%) Total n 
0 12.0 (3.1) 17 (39.5) 26 (60.5) 43
1 10.9 (3.9) 16 (32.7) 33 (67.3) 49
2 12.2 (2.9) 18 (45) 22 (55) 40
3 12.1 (5.7) 12 (40) 18 (60) 30
Total 11.9 (3.9) 63 99 162
30
The data were recorded first in the Microsoft Access Office 1997 pro-
gram, after which it was transferred to the SPSS program. SPSS pro-
grams 11.0 and 13.0 for Windows (SPSS, Chicago, IL, USA) were used in 
analyses. The first analysis (I) focused on paranatal factors; absolute BW, 
BW adjusted for gestational age, gender, and family’s socio-demographic 
data (mother’s and father’s age recorded during pregnancy follow-up, 
their occupation, and family size recorded as the number of children in 
the family). The second analysis (II) focused on achievement of develop-
mental milestones and evaluation of growth. As descriptive analysis was 
performed: χ² (Pearson) served for nominal factors and Kruskal Wallis for 
ordinals (I), and χ² (Pearson) served in the analysis of developmental mile-
stones, and the GLM repeated measures ANOVA for growth variables (II). 
Thereafter, factors with significant differences between the study groups 
were analysed by multinomial logistic regression analysis to produce odds 
ratios (ORs) and 95% confidence intervals (CIs). The SE level was se-
lected as a dependent variable, and controls served as a reference group. 
The growth variables were analysed by binary logistic regression analyses 
comparing controls and all subjects in SE as one group. The analyses 
of growth and attainment of developmental milestones were also per-
formed for boys and girls separately. 
BW was categorized into five subcategories: < 2500 g, 2500-2499 g, 
2500-2999 g, 3000-3999 g, and ≥ 4000 g, with 3500-3999 g used as a 
reference (Avchen et al. 2001). BW was also categorized according to the 
length of pregnancy to analyse relative values; small for gestational age 
(SGA) with BW < -2 SD, appropriate for gestational age (AGA) with BW 
between -2 SD and 2 SD, and large for gestational age (LGA) with BW > 
2 SD (Pihkala et al. 1989). Socio-economic status (SES) was categorized 
according to the Finnish method of classifying occupations (Statistics Fin-
land 1997) into seven subgroups: self-employed (I); upper-level employ-
ees with administrative, managerial, professional, or related occupations 
(II); lower-level employees with administrative or clerical occupations (III); 
manual labourers (IV); students (V); pensioners (VI); and SES unknown or 
unclassified, including the long-term unemployed and housewives (VII). 
The upper-level employee’s subgroup with the highest number of parents 
with university degrees was used as a reference group in regression analy-
sis. Parental age was categorized as follows: < 20 years, 20-39 years, and 
≥ 40 years, with the middle group selected as the reference. The number 
of children in the family included all full-siblings and half-siblings living in 
the same house, and it was categorized into four groups (one child, two 
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children, three children, and four or more children). The developmental 
milestones included all items on the national developmental surveillance 
form at ages 1, 2, 3, 4, 6, 7, 8, 9, 12, 18, 24, 36, and 48 months on a 
binary scale (can do or cannot yet do). Data on growth measurements 
were recorded as standard deviation scores (SDS) for height at one-year 
intervals between the ages of one to seven years and for occipitofrontal 
head circumference (OFHC) at the ages of 4, 6, and 12 months (Sorva et 
al. 1990a, Sorva et al. 1990b). The weight was recorded as percentages 
in relation to prevailing height at 10 cm intervals between the heights of 
70 and 120 cm. For those with available data (n = 1183), the BW and 
gestational age (GA) served in analysis when comparing growth-related 
factors between those born SGA (n = 130, 11%) and AGA (n = 1053, 
89%) among each education group by GLM repeated measures ANOVA.
The comparison of familial (child had at least one sibling also in SE) and 
non-familial cases began by excluding all single children (i.e. children 
who did not have a sibling; n = 161). Then, the two groups (familial vs. 
non-familial) were compared among each SE level (three analyses). The 
descriptive analyses included the Mann-Whitney U-test (ordinal factors) 
and χ² test (nominal factors). In the binary regression analysis, children 
in the non-familial subgroup served as the reference category. In SE level 
3, a comparison between those with known aetiology and those with 
unexplained aetiology was also performed. The level was first subdivided 
according to aetiology status, and then both descriptive statistics and 
regression analysis were performed as described above. All analyses were 
conducted for subjects with available data, and a P ≤ 0.05 was consid-
ered significant. 
2.2. MRI examinations
All subjects underwent brain MRI (Siemens Magnetom Vision, Siemens, 
Erlangen, Germany) at 1.5T. We obtained T2-weighted images and 
proton density axial slices with a dual fast spin-echo sequence (TR/TE 
3000/85 ms, 14 ms), an axial fluid attenuated inversion recovery (FLAIR) 
sequence (TR/TE/T1 9999/105/2500 ms), and a sagittal three-dimensional 
magnetization-prepared rapid acquisition gradient echo (MPRAGE) se-
quence (TR/TE 9.7/4.0 ms, with slice thickness 1 mm, no gap). Due to 
motion artefacts, the analysis of MR images was impossible to perform 
for three (all in SE level 3) of the 162 subjects, leaving the images of 159 
subjects to be analysed. From the SE levels, 46 subjects needed sedation 
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by a specialized paediatric anaesthesiologist (KW) and a two-hour surveil-
lance afterwards. All of the controls were scanned without sedation. 
The visual evaluation of the MR images included 16 parameters: wid-
ening of sulci / thinning of gyri, enlarged ventricles (temporal, frontal, 
or occipital horns, 3rd ventricle, and 4th ventricle), abnormalities of the 
corpus callosum (CC), SI abnormalities of the white matter and basal 
ganglia, dilatation of cerebellar and vermian fissures, cerebellar white 
matter SI abnormalities, and the presence of cavum septi pellucidi and/
or vergae, mega cisterna magna, or arachnoid cyst. We counted and 
measured all white matter T2 hyperintensities, and categorized them as 
minor (diameter ≤ 5 mm or ≤ 20 lesions) or extensive (diameter > 5 mm 
or > 20 lesions) (Autti et al. 1994, Widjaja et al. 2008). Two experienced 
radiologists (TA & RR) performed the visual analysis independently and 
blind to the subject’s education status. After visual analysis, midsagit-
tal cross-sectional area (cerebrum, posterior fossa, corpus callosum, ver-
mis, mesencephalon, pons, and medulla oblongata / cm2) and diameter 
(genu, body, splenium, and the total length of the corpus callosum / mm) 
measurements were performed by author (see Figure 1). All measure-
ments followed previously published practices (Hashimoto et al. 1993, 
Laissy et al. 1993, Kivitie-Kallio et al. 1998).
For nominal and ordinal factors, descriptive analyses were performed by 
χ² –test using Fisher’s exact test and Linear-by-Linear Association Exact 
Significance as appropriate. For continuous factors, analyses were per-
formed by univariate ANOVA controlling for age and sex, and by non-
parametric Kruskal-Wallis test when appropriate. Binary logistic regres-
sion analysis was performed to compare findings between controls in ME 
and all subjects in SE (combined into one group). Statistical significance 
was set at P < 0.05. 
From the VBM analyses, the images of 10 children were excluded (three 
had extensive motion artefacts, two had extensive cerebral volume loss, 
and five did not have all of the required 170 slices available). Thus, 152 
children (39 in level 0, 49 in level 1, 38 in level 2, and 26 in level 3) 
underwent the final VBM analyses. Data were analysed (KvL) with the 
SPM2 software package (http://www.fil.ion.ucl.ac.uk/spm), with an opti-
mized VBM approach to identify brain regions significantly related to SE 
level (Ashburner & Friston 2000, Good et al. 2001). The standard VBM 
protocol (Ashburner & Friston 2000) starts with creating an anatomical 
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Figure 1. Measurements were performed on a T1-weighted midsagittal image.
 
A, Supratentorial area; B, Corpus callosum area; C, Posterior fossa area; D, Ver-
mis area; E, Mecencephalon area; F, Pons area; G, Medulla oblongata area
1, Corpus callosum genu diameter; 2, Corpus callosum body diameter; 
3, Corpus callosum splenium diameter; 4, Length of corpus callosum
template (average image) that is representative of all MR images used, by 
normalizing all images to the ICBM 152 template (Montreal Neurological 
Institute, Quebec, Canada), and resampling, smoothing, and averaging 
them. Next, all images are transformed to the same stereo-tactic space 
using the previously created template, and segmented into white matter, 
grey matter, CSF, and non-brain tissue. The segmentation process relies 
on prior probabilities for the distribution of the tissue types throughout 
the brain, derived from a large number of segmentations of normal sub-
jects. Finally, the segmentation images are smoothed by convolving with 
a Gaussian kernel and fed into statistical analysis.
A
B
C
D
E
F
G
1
2
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According to the optimized VBM protocol (Good et al. 2001), we cre-
ated study-specific prior probabilities for white matter, grey matter, and 
CSF by averaging the segmentations of all study subjects obtained with 
the standard VBM protocol. We then used the resulting priors to ob-
tain improved segmentations. We also corrected segmentation errors 
by removing unconnected non-brain voxels, and calculated all non-rigid 
registrations by first segmenting each image after affine normalization 
only and then calculating the non-linear deformation by co-registering 
the resulting grey matter segmentation with the grey matter prior prob-
ability map. Non-brain voxels thus do not contribute to the estimation 
of the deformation field, affording optimal spatial normalization in the 
brain tissues. Furthermore, we modulated the segmentation images by 
the Jacobian determinants of the deformation fields, ensuring that the 
actual amount of tissue is preserved within each structure. As a result, 
any differences found with VBM can be interpreted as local differences in 
absolute tissue volume.
We assessed regional relationships between white and grey matter vol-
umes between controls in ME and subjects in full-time SE by group-wise 
comparisons (controls vs. level 1; controls vs. level 2; and controls vs. 
level 3) by a general linear model that included SE level as a factor and 
gender, age, and global mean voxel value (white matter globals for the 
white matter analysis, grey matter globals for the grey matter analysis) as 
confounding covariates. Multiple comparisons were corrected by Gaus-
sian random field theory. Age-related correlations (comparisons between 
< 12 and ≥ 12-year-old children in all levels) of white matter, grey matter, 
CSF, and total brain volumes were evaluated. Significance levels were set 
at P < 0.025 (one-sided t-statistics). 
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RESULTS 
1. Epidemiological studies
In SE level 3, altogether 136 children and adolescents (50%) had a known 
diagnosis. Of these, 113 (83%) had a known syndrome or chromosomal 
aberration, 7 (5%) a severe postnatal infection or tumour, 7 (5%) had 
foetal alcohol syndrome, 7 (5%) a metabolic disease, and 2 (1.5%) se-
vere birth complications. In SE level 2, 30 subjects (7%) had a known 
aetiology (e.g. a known syndrome, genetic defect, or prenatal cause such 
as mother’s alcohol abuse) and 114 (27.4%) a borderline IQ (between 
70 and 85) and global developmental delay with diminished capacity 
in several developmental domains, whereas 111 subjects (26.7%) had 
speech- and language-related problems as a primary default. In SE level 
1, 80 subjects (38%) encountered their main problems in speech and 
language development, 27 (13%) had additional problems in attention 
and motor domains, 17 (8%) had problems in speech and language de-
velopment and attention, 11 (5%) had problems in attention and motor 
domains, 14 (7%) had mainly motor domain problems, 11 (5%) had 
ADHD, 10 (5%) had problems in speech and language development and 
motor development, 7 (3%) had foetal alcohol syndrome or suspicion of 
it,  and 34 (16%) had other problems, including physical diseases. 
Table 5 presents the birth and family information of controls (level 0) and 
subjects in SE (levels 1-3), with each SE level subdivided into familial (i.e. 
the child in question had at least one sibling in full-time SE) and non-
familial forms. From each level, children who did not have any siblings 
were excluded from this analysis. Their characteristics did not differ from 
those included (data not presented). In SE level 2, the familial need for 
SE was most common (14.7%), while it was 8.5% for level 1 and 10.6% 
for level 3.
After descriptive analysis, all factors that differed significantly between 
the SE levels (i.e. all except for maternal age) were included in regression 
analysis. In Table 6, factors that significantly increased the SE probability 
at school age are presented. Paternal age ≥ 40 years and BW < 2500 g 
increased the overall SE probability, while other factors were more spe-
cifically related to one or two levels. When analysing the subgroup with 
unexplained diagnosis of SE level 3, paternal age ≥ 40 years appeared 
to be the only factor differentiating them from controls (OR 4.2, 95% 
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CI 1.9-9.2, P < 0.001). In SE level 2, an increase in the family size by one 
child raised the probability of familial SE by 27% (95% CI 4.3-44.6, P = 
0.023).
A clear trend appeared when exploring differences in development be-
tween controls and subjects in SE levels 1-3. At each evaluation point, 
subjects in SE failed more often than controls to attain the milestone in 
question. However, various SE levels had individual characteristics. All 
developmental milestones with significant ORs are presented in Table 7, 
and those with the highest OR are presented in Figure 2. Subjects in SE 
level 3 with ID failed to first attain gross motor and social developmental 
milestones and later also the other domains of development. From the 
age of seven months, subjects in SE level 2 failed to attain gross motor 
milestones and from 24 months onwards also language and perception 
abilities. Up to the age of three years, subjects in SE level 1 showed only 
sporadic problems, but thereafter the delay in development was more 
evident.
Figure 2. Proportions of children who have achieved a developmental milestone 
in mainstream education (level 0) and in special education (levels 1-3).
Level 3- includes children who have an unexplained aetiology for their intellectual 
disability. Level 3+ includes children who have a known aetiology for their intel-
lectual disability.
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For both genders, mean height (P < 0.001) and mean head circumfer-
ence (P < 0.001) were associated positively with SE level, whereas mean 
weight showed no differences (P = 0.244 for boys and P = 0.384 for girls) 
between SE levels. At the age of one year, one SDS decrease in height 
raised the probability of SE placement by 40% (OR 1.40, 95% CI 1.22-
1.61; P < 0.001) and one SDS decrease in occipito-frontal head circum-
ference (OFHC) raised SE placement probability by 28% (OR 1.28, 95% 
CI 1.11-1.49; P = 0.001). For boys, mean expected height was higher 
the lower the education level; in other words, controls had the highest 
mean expected height. Nevertheless, the difference between extremes 
was only 0.26 SDS (P = 0.007). Girls in SE level 2 compared with the other 
SE levels had the lowest mean expected height (P < 0.001).
When subgroups with familial need for SE (i.e. children with at least one 
sibling in SE) were compared with non-familial need subgroups, their 
OFHC and weight measurements showed no significant differences. In 
SE level 1, boys (n = 9) in the familial subgroup were 0.5 SDS taller than 
boys (n = 136) in the non-familial subgroup (P = 0.049), whereas girls (n 
= 8) in the familial subgroup were one SDS shorter (P = 0.018) than girls 
(n = 32) in the non-familial subgroup. In SE level 3, girls (n = 8) in the 
familial subgroup were over one SDS taller (P = 0.011) than girls in the 
non-familial subgroup.
Finally, a comparison between children born SGA (n = 12 for controls, 
13 for level 1, 31 for level 2, and 29 for level 3) and AGA (n = 267 
for controls, 171 for level 1, 293 for level 2, and 130 for level 3) was 
performed. At each education-group level, children born AGA were sig-
nificantly taller (P = 0.017 for controls, P < 0.001 for all SE levels) and 
had significantly bigger head size (P = 0.018 for controls, P < 0.001 for 
all SE levels) than those born SGA. No significant differences appeared 
between the genders.
2. MRI studies
Table 8 presents the clinical data of subjects participating in the imaging 
study and attending SE levels 1-3. Age at independent walking (months) 
differed significantly between the SE levels (P = 0.045). The mean ages 
in months (SD) for SE levels 1, 2, and 3 were 13.0 (2.5), 12.6 (1.7), and 
15.3 (4), respectively. The gestational age, birth weight, and birth height 
did not differ significantly between SE levels.
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Of controls, 70% had an MR examination considered normal and 23% 
had one and 7% two abnormal findings. In SE level 1, 57% had a normal 
MRI, in level 2 48%, and in level 3 37%. None of the controls had more 
than two abnormalities in their MRI, whereas in SE levels 1-3 altogether 
14 subjects; n = 3 (6%) for level 1, 4 (10%) for level 2, and 7 (26%) 
for level 3; had three or more abnormal MRI findings. These included 
enlarged sulci (9/14), enlarged ventricles (8/14), enlarged vermian fis-
sures (8/14), white matter SI changes (7/14), thin corpus callosum (6/14), 
enlarged cerebellar fissures (4/14), mega cisterna magna (4/14), basal 
ganglia SI changes (3/14), and cavum septum pellucidum (2/14).
Figure 3. T2-weighted axial image shows enlarged ventricles and sulci in a 
9-year-old boy attending special education level 3.
LR
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Table 9 presents the MRI findings of subjects in different educational 
groups. Enlarged supratentorial CSF spaces were four times more com-
mon (OR 4.2, 95% CI 1.2-14.8, P = 0.023) in subjects in SE than in 
controls (Fig. 3). Also a thin CC (Fig. 4) and enlarged cerebral sulci were 
both more often seen in subjects in SE than in controls, although these 
remained non-significant in binary regression analysis. Except for level 1, 
enlarged cerebellar hemispheric fissures existed more often in subjects in 
SE than in controls.  
Figure 4. T1-weighted sagittal image shows a thin corpus callosum in a 14-year-
old boy attending special education level 2.
46
Figure 5. T2-weighted axial image shows a high signal intensity lesion in the left 
thalamus in a 14-year-old boy attending special education level 2.
LR
A thalamus neoplasm was found in a boy in SE level 2 (Fig. 5). He had 
control images taken and the alteration maintained its size. In addition, 
two boys (one control and one in level 2) had cerebellar hamartomas, 
which also maintained their sizes in control examinations.
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Table 10 shows manually measured midsagittal cross-sectional areas and 
diameters and automatically obtained volumes. Compared with controls, 
all measured absolute area and diameter values were smaller in SE sub-
jects. These differences disappeared, however, when the mean area and 
diameter values were calculated relative to the total inner skull areas. Of 
the relative measurements, only the area of the mesencephalon and the 
diameter of the corpus callosum body were significantly smaller in SE 
subjects. The mean total brain volume correlated negatively with educa-
tion level; i.e. controls having the greatest total brain volumes. Moreo-
ver, the mean white matter and CSF volumes, but not the mean grey 
matter volume, showed a negative correlation with education level. No 
age-related correlations for white matter, grey matter, CSF, or total brain 
volume emerged (Table 11, unpublished data).
For subjects with IDs in SE level 3, several regional alterations were re-
vealed by VBM compared with controls. These included greater regional 
grey matter volumes bilaterally in the rostral and dorsal anterior cingulate 
cortex (Fig. 6), smaller grey matter volume in the left cerebellar hemi-
sphere and the left thalamus (Fig. 7), greater white matter volume in the 
left frontoparietal region (Fig. 8), and smaller white matter volumes (Fig. 
9) bilaterally in the posterior limbs of the internal capsules. Compared 
with controls, subjects in SE level 1 and 2 showed similar kinds of grey 
and white matter volume differences in the corresponding brain regions, 
but these remained non-significant. The study groups showed no differ-
ences in regional CSF volumes.
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Figure 6. Greater grey matter volume in the rostral anterior cingulate cortex 
of subjects with intellectual disability attending special education level 3 when 
compared with controls. Voxels with a significant positive correlation (P < 0.025, 
corrected for multiple comparisons) are overlaid on the average of the spatially 
normalized magnetic resonance scans of all subjects.
Figure 7. Smaller grey matter volume in the left cerebellar hemisphere and left 
thalamus of subjects with intellectual disability attending special education level 
3 when compared with controls. Voxels with a significant positive correlation (P 
< 0.025, corrected for multiple comparisons) are overlaid on the average of the 
spatially normalized magnetic resonance scans of all subjects.
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Figure 8. Greater white matter volume in the left frontoparietal region of sub-
jects with intellectual disability attending special education level 3 when com-
pared with controls. Voxels with a significant positive correlation (P < 0.025, 
corrected for multiple comparisons) are overlaid on the average of the spatially 
normalized magnetic resonance scans of all subjects.
Figure 9. Smaller white matter volume in the posterior limbs of the internal 
capsules of subjects with intellectual disability attending special education level 
3 when compared with controls. Voxels with a significant positive correlation (P 
< 0.025, corrected for multiple comparisons) are overlaid on the average of the 
spatially normalized magnetic resonance scans of all subjects.
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DISCUSSION
1. Novel findings
1.1. Epidemiological studies
Higher paternal age has been shown to have an inverted U-shape corre-
lation with child’s cognitive ability (Malaspina et al. 2005), and the same 
group reported that children born to fathers aged ≥ 40 years were over 
five times more likely to have autism spectrum diseases than those with 
younger fathers (Reichenberg et al. 2006). Likewise, we showed that 
newborns with a father aged 40 years or more were at least two times 
more likely than those born to younger fathers to attend full-time SE. 
Interestingly, when we studied subjects with unexplained ID in SE level 3, 
the effect of paternal age was highest among them. Father’s young age 
(i.e. < 20 years) did not have an effect on the need for the child to at-
tend SE. A large Norwegian register study found no correlation between 
higher paternal age and prevalence of Down syndrome among offspring 
(Kazaura & Lie 2002). Likewise, no correlation between paternal age ≥ 35 
years and child’s risk for dyslexia was discovered (St. Sauver et al. 2001). 
However, the genes that affect neuronal plasticity are increasingly recog-
nized as aetiological factors in unexplained ID (Johnston 2003), and the 
effect of paternal age is hypothesized to be mediated either by de novo 
mutations or by abnormal methylation of the paternally imprinted genes 
(Malaspina et al. 2005). 
A difference detectable as early as one year of age was that children in 
full-time SE had slightly impaired growth in height and head circumfer-
ence compared with controls in ME. The expected heights of children at 
all education levels exceeded the 0 SDS level (differences were only a few 
centimetres), yet revealed a similar tendency. Nevertheless, children with 
a greater need for SE showed a larger gap with expected height. Among 
typically developing children, a positive correlation between height and 
head circumference and IQ has been reported, and our findings extend 
this association beyond the normal range (Richards et al. 2001, Gale et 
al. 2004). Half of the children in SE level 3 had a known syndrome, which 
probably in part explains their growth failure. However, based on this 
survey, we cannot conclusively say why children in SE levels 1 and 2 also 
failed to reach their expected height. However, a positive correlation be-
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tween IGF-I level and IQ in 8- to 9-year-old children has been reported 
(Gunnell et al. 2005), and a positive effect of growth hormone treatment 
on the cognitive level of subjects with Prader Willi syndrome has been 
observed (Myers et al. 2007). By contrast, the young subjects born SGA 
and treated with growth hormone for two years showed no significant 
improvement of cognitive levels compared with the untreated SGA group 
(Lagrou et al. 2007). 
1.2. MRI studies
Subjects with ID in SE level 3 demonstrated several regional volume dif-
ferences compared with controls. They had greater grey matter volume in 
the anterior cingulate cortex; smaller grey matter volume in the left supe-
rior, medial cerebellar hemisphere, and left thalamus; greater white mat-
ter volume in the left frontoparietal region; and smaller white matter vol-
ume in both posterior internal capsules. Subjects in SE levels 1 and 2 had 
volume changes in the corresponding brain areas, but these were non-
significant compared with controls. As areas related to cognitive proc-
esses are scattered around the brain, it seems logical that many volume 
anomalies are found in subjects with DCP or ID (Frank & Pavlakis 2001). 
The development of both grey and white matter is a non-linear process 
with unique region-specific maturational models, including thickening 
and thinning of the cortex (Giedd et al. 1999, Gogtay et al. 2004, Shaw 
et al. 2006, Lebel et al. 2008). Recently, subjects with ADHD were re-
ported to have a delay in regional cortical maturation (Shaw et al. 2007). 
Likewise, abnormal maturational processes of the brain in subjects with 
DCP or ID could explain the differences in the anterior cingulate cortex, 
thalamus, and internal capsules found in our study. Moreover, since our 
study included subjects with familial need for SE, the maturational abnor-
malities are most probably linked to genetic abnormalities. Mechanisms 
at the cellular level probably involve altered plasticity (Penn & Shatz 1999, 
Johnston 2004), as shown in subjects with Tourette disorder (Stern et al. 
2000, Ludolph et al. 2006) and dyslexia (Corina et al. 2001, Vincken-
bosch et al. 2005). 
Although our subjects with ID had smaller white matter volume than 
controls, they showed regionally greater white matter volume in the fron-
toparietal area. Visually, their white matter seemed intact, yet the smaller 
total brain white matter volume may indicate delayed myelination in chil-
dren with global developmental delays (Pujol et al. 2004). However, a 
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similar regional volume change has been reported in children with devel-
opmental language disorders (Herbert et al. 2004), although its nature 
remains obscure. 
2. Findings consistent with previous studies
2.1. Epidemiological studies
Although higher maternal age has been shown to increase risk for iso-
lated mild and severe ID (Croen et al. 2001), we found maternal age 
did not differ between the education levels. This finding is consistent 
with the results of a recent Finnish longitudinal cohort study (Heikura et 
al. 2008). However, the proportion of older mothers (≥ 35 years) giving 
birth has increased during the past decades to 19% (Bittles et al. 2007, 
www.stakes.fi 2009), indicating the influence of such protective factors 
as increased maternal education levels, better pregnancy follow-up, and 
better knowledge of risk factors. 
In agreement with the literature, we found that boys formed the major-
ity in SE levels 1 and 2 (Resnick et al. 1998, Gissler et al. 1999). This was 
expected since the need for full-time SE is twice as common in boys as in 
girls, and, furthermore, 68% of all pupils in full-time SE are boys (Central 
Statistical Office of Finland 2008). Brain maturational differences may 
partly explain this overrepresentation since the cortical grey matter in 
boys matures later than in girls (Lenroot et al. 2007, Wood et al. 2008). 
Aspects of genetics, parenting, day-care, and education may also have 
an effect (Bredesen 2004). Moreover, we found that low BW (< 2500 g), 
due to either prematurity or intra-uterine growth restriction, increased 
the probability for placement in SE levels 1 and 2. For SE level 3, the prob-
ability decreased when BW increased to 3499 g. Similar associations have 
been presented for all SE categories (Avchen et al. 2001). The proportion 
of the syndrome diagnosis in SE level 3 was quite high (50%), hence as-
sociated with the poorer growth of subjects in that level. Whether SGA 
condition affects later cognition has been controversial (Strauss 2000, 
Hollo et al. 2002, Leonard et al. 2008); we found that compared with 
AGA children, children born SGA had 2- to 4-fold greater probabilities 
for needing full-time SE at school age. This finding is in accordance with 
previous studies showing ID as being more common among term babies 
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born SGA than among those born AGA (Hollo et al. 2002, Leonard et al. 
2008). In addition, SGA appears to increase the risk for various cardiovas-
cular as well as learning problems (Barker et al. 2005). Also, correspond-
ing to earlier studies (Frisk et al. 2002, Monset-Couchard et al. 2004), we 
found that children born SGA continued to grow with smaller height and 
head circumference than children born AGA in the same level. 
Familial need for SE was most evident (15%) in SE level 2, corresponding 
to an earlier report (Bundey et al. 1989). In SE level 2, the familial need 
for SE was more common in families with four or more children than in 
smaller families, and, furthermore, parents in the familial subgroup were 
older than those in the non-familial subgroup, which was not the case 
for levels 1 and 3. This finding is in accordance with the results for mild 
ID (Bundey et al. 1989). In the familial subgroup of children with ID (level 
3), parental SES was lower than in the non-familial subgroup. These dif-
ferences highlight the impact of social and environmental factors on the 
multifactorial aetiology of familial SE. 
As toddlers, subjects with ID or DCP failed to attain some of the mo-
tor, language, and social developmental milestones. According to brain 
maturation, gross motor developmental milestones differed first between 
children in levels 0 to 3. Later on, failure in fine motor tasks and in speech 
and social skills became more evident, corresponding to earlier reports of 
mild delay in motor milestones, particularly for the age at independent 
walking, in children with developmental language delay (Trauner et al. 
2000). An early disturbance in motor development may lead to weaker 
visuospatial skills (Smith & Chatterjee 2008), and a linear correlation be-
tween the age of learning to stand and adult cognitive categorization 
has been reported (Murray et al. 2006). A hypothesis was tendered that 
faster motor development would favour the development of more com-
plex cortico-subcortical tracts, which are essential for better cognitive 
capacity. 
Attempts to create a model for predicting mild DCP among preschool 
children have been made (Corrigan et al. 1996), but thus far only delayed 
language development has shown prognostic value (Shevell et al. 2005). 
In child welfare clinics, mild or isolated weaknesses may be missed, be-
cause they are so common even in normally developing children. How-
ever, when these abnormalities appear concurrently, they increase the 
probability for need of SE. 
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2.2. MRI studies
The specific aetiology sought in subjects attending SE included findings 
suggesting metabolic disease, serious prenatal infection, etc. For exam-
ple, major cerebral atrophy without signs of any potent causative factor 
was not considered a specific diagnosis. Although it may appear odd that 
none of the 119 subjects in full-time SE received a specific diagnosis after 
MRI, it is, however, not unique. Decobert et al. (2005) found a specific 
diagnosis for only 5 of 100 children with ID. Of our 119 subjects in SE, 
only 29 had ID, while the others had milder DCP. 
In agreement with reported prevalence rates for MRI abnormalities in 
subjects with ID, we found the majority (63%) of subjects with IDs in 
level 3 to have at least one abnormal MRI finding (Soto-Ares et al. 2003, 
Decobert et al. 2005, Spencer et al. 2006, Widjaja et al. 2008). Only a 
few MRI studies with control groups exist, and these have reported sub-
jects with ID to more often have several co-occurring abnormalities than 
controls (Decobert et al. 2005, Spencer et al. 2006). Moreover, IQ has 
been shown to correlate negatively with total abnormality score in sub-
jects with ID (Spencer et al. 2006). Likewise, in our study, several abnor-
mal findings were more often made in subjects with ID in SE level 3 than 
in subjects in SE levels 1 and 2. These MRI abnormalities in subjects with 
non-familial ID included corpus callosum alterations, various ventricular 
enlargements, subtle cerebellar alterations, and white matter SI changes 
(Decobert et al. 2005, Spencer et al. 2006) and corresponded to findings 
detected in subjects with a familial need for SE. 
Of subjects in SE level 1, 43% had abnormal findings in MRI, correspond-
ing to reported abnormality rates for mild cognitive impairments (Trauner 
et al. 2000). The abnormality rates in controls vary greatly. Surprisingly, 
almost all adolescent controls (39/40) had an MRI abnormality (Spen-
cer et al. 2006), and furthermore, abnormality rates of 24% and 43% 
for controls have been reported (Lieberman et al. 1992, Lubman et al. 
2002). In this light, the 30% of our healthy controls with one or two ab-
normal MRI findings is not unusual. Moreover, none of our controls had 
any problems in learning and their MRI abnormalities were mainly minor 
alterations without clinical relevance. Both persistent cavum septum pel-
lucidum and mega cisterna magna have been previously reported to be 
associated with cognitive impairments (Bodensteiner et al. 1988, Bod-
ensteiner et al. 1998, Pauling et al. 1998). However, in our study, they 
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appeared equally in controls and in subjects in full-time SE. According 
to previously presented classification of MRI findings in intellectual and 
global developmental disabilities (Schaefer & Bodensteiner 1998), the ab-
normalities detected in our subjects may for the most part be categorized 
as markers of abnormal cerebral development. Due to the consistency of 
MRI abnormalities reported in subjects with ID of unexplained aetiology, 
they have been designated as “neuroimaging markers frequently associ-
ated with ID” (Decobert et al. 2005). 
Mean total midsagittal inner skull area and mean total brain volume were 
smaller the higher the need for SE, findings consistent with studies re-
porting smaller head sizes for subjects with ID (Widjaja et al. 2008). Al-
though the ventricles seemed enlarged in visual analysis, the VBM did 
not detect any local differences in CSF volume. By contrast, mean CSF 
volume was smaller in subjects in SE than in controls. However, subjects 
with the most prominently enlarged CSF spaces were excluded from the 
VBM analysis. The adjusted diameter of the body of the corpus callosum 
was smaller among subjects in SE, nevertheless, the total CC area did 
not differ, and VBM showed no volume differences in the CC. Structural 
alterations of the CC have consistently been reported to exist more often 
in subjects with ID, and accompanied by ventricular enlargements, they 
have been suggested to reflect changes in the white matter (Soto-Ares et 
al. 2003, Decobert et al. 2005, Spencer et al. 2006, Widjaja et al. 2008). 
In fact, mean global white matter volumes were smaller in subjects with 
ID attending SE level 3 than in controls attending ME. Similarly, in sub-
jects with ID global white matter and total brain volumes were reported 
to be smaller than in controls (Spencer et al. 2006). 
Enlarged vermian fissures have been reported to exist more often in sub-
jects with ID (Soto-Ares et al. 2003), but we found no differences be-
tween the groups with respect to enlarged vermian fissures and midsag-
ittal vermian area/total inner skull area ratios. Also, some of our controls 
had enlarged vermian fissures, yet had no learning-related problems. 
Moreover, subjects in SE levels 2 and 3 showed a subtle enlargement of 
cerebellar hemispheric fissures, which was further confirmed by VBM as 
the smaller grey matter volume of the cerebellum of subjects in SE level 
3. Today, the role of the cerebellum in various cognitive processes is obvi-
ous (Wassmer et al. 2003, Steinlin 2007), and a weak positive correlation 
between total cerebellar volume and IQ has been described (Paradiso et 
al. 1997). 
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3. Methodology and limitations 
In the epidemiological studies (I & II), the strengths of our approach were 
a relatively large sample size (900 subjects and 301 controls) and the 
study design, which allowed us to personally collect data on the children 
and adolescents in SE. The weaknesses were (i) the time delay in col-
lecting the control data due to a temporary lack of human resources, 
(ii) the control data was not personally collected and some information 
presented in the attachments of the health records could be missing, and 
(iii) some missing values due to the retrospective study design. However, 
health records including missing values were most common among sub-
jects in SE levels 2 and 3. These children more often than children with 
milder problems were transferred to hospital follow-up, resulting in a 
lack of knowledge of their developmental details in child health clinics 
and in school healthcare units. In statistical analysis, factors with more 
than 10% of missing values (e.g. height at birth) were excluded. 
In the MRI study, the protocol did not include neuropsychological investi-
gations and subjects were classified according to SE grouping at school. 
However, subjects had been placed in full-time SE groups based on ex-
aminations by school psychologists. Since these examinations had been 
performed at various ages and with varying methods, they were not di-
rectly comparable, and therefore, were not included in the analysis. All SE 
groups consisted of heterogeneous subjects, many of whom had a mix-
ture of co-occurring symptoms (e.g. delayed speech and language de-
velopment concurrently with attention, perception, or motor problems), 
which is a common feature in subjects with learning-related problems 
(Kadesjo & Gillberg 2000, Kadesjo & Gillberg 2001). We recruited con-
trols for imaging purposes only, and thus, were unable to compare their 
prenatal and developmental data with those of subjects in SE. In SE level 
3, there were twins born preterm at gestation week 29. The prematurity 
could at least partly explain their ID. However, when we visually analysed 
their MRI examinations, no signs of the ischaemic changes often associ-
ated with prematurity existed. Furthermore, they had an older brother 
born at term, but who had a similar ID, and therefore, they were all con-
sidered to have an unexplained shared cause. We also included two adult 
siblings (24 and 29 years old), thereby resulting in a greater age range in 
SE level 3 than in other levels. Finally, the visual evaluation of MR images 
was based on consensus between the two raters, and therefore, intra- 
and interobserver error rates were not calculated. 
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4. Future prospects
As the prevalence of DCPs and IDs, in particular mild IDs, increases, in-
vestigations of the underlying structural and functional reasons are criti-
cal. To answer at least a few of the open questions in this field, we have 
started a new research project using functional MRI and diffusion tensor 
imaging fibretractography for young adolescents in need of full-time SE.
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CONCLUSIONS
The associations between need for full-time SE at school age and factors 
present at birth and during the early years of development were elucidat-
ed. Both global and regional MRI abnormalities of subjects with familial 
need for full-time SE were explored. The main conclusions are as follows:
1. Low birth weight, higher paternal age, male gender, and lower so-
cio-economic status of parents increased the probability of subjects 
receiving SE. The mean height and occipitofrontal head circumfer-
ence were smaller the higher the child’s SE level, in other words, 
children with ID in the most severe SE level were the shortest and 
had the smallest head circumference. Compared with controls in ME, 
children in the most severe SE level first showed delay in attainment 
of gross motor development, and later delays in other developmental 
domains, whereas children with more minor problems (SE levels 1 
and 2) showed delay of speech and social skills from the age of 18 
months.
2. None of the subjects with unexplained, familial need for full-time 
SE received a specific aetiology after MRI. However, structural ab-
normalities existed more often in subjects in SE than in controls. 
3. Conventional MRI showed that subjects in full-time SE more often 
than controls had a thin corpus callosum and enlarged supra- and 
infratentorial CSF spaces.    
4. Voxel-based morphometry revealed that total brain volume was 
smaller, the higher the SE level, as were the global white matter and 
CSF volumes. The global grey matter volume did not differ between 
the groups. Subjects with IDs in SE level 3 showed several regional 
brain volume differences in cognition-related areas compared with 
controls. These included a greater grey matter volume in the rostral 
and dorsal anterior cingulate cortex, a smaller grey matter volume 
in the left thalamus and left cerebellar hemisphere, a greater white 
matter volume in the left frontoparietal region, and a smaller white 
matter volume in the posterior internal capsules.
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